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(54) METHOD AND INSTRUMENT FOR MEASURING TEMPERATURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To measure the surface temperature of a 
silicon wafer of about 100" C in noncontact manner. 
SOLUTION: LEDs 1 1 1 and 112 which emit light differing in wavelength are 
blinked in synchronism with a reference clock, a light beam splitter 113 
splits the lights from the LEDs 111 and 112, and pieces &phiv;11 and 
&phiv;22 of luminous flux are guided by an optical fiber 12 to irradiate the 
wafer W. Reflected lights from the wafer W are guided by an optical fiber 14 
to a photoelectric conversion part 15, and spectrally diffused and 
photoelectrically converted. Photoelectrically converted signals are supplied 
to a lock-in amplifier 1 7 for lock-in amplification using the reference clock 
to extract signals corresponding to the intensity values of the reflected 
lights. The intensity of the other piece of luminous flux of the light split by 
the beam splitter 113 is spectrally diffused and detected, the reflection 
factors of the wafer W to the respective wavelength lights are found from 
the intensity of the reflected lights, and further the ratio of the found 
reflection factors is found. The surface temperature of the wafer is 
calculated from the ratio. 
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ti>iMt, ^m^i>ct^^^tti>. c©«fi)t{c*s 
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[0019] 

B^©i©5fi©}fMK:*^*i^,iti^<*>:7 X7\©jaea'jss?g& 

mt*, '>y3> (Si) •?i^N®affi©ffl 

TiraW^n (A) ««l^l-CSTCi*!r*4, 
[»1 ] n (A) = p (A ) + q <A ) T 
CC-C. p (A) : iRgKi^LfHW^cffi (T=0-C© 

Q (A) : iRSKS* U-CBW&ffl 

[0 02 0 ) ®»f*ni. SW^RiCM^lJ. Sl^2 

[!S2] R= { <n- 1) / (n+ 1 ) ) » 
f^l i?^^2i*^6. a (A) *s+»CC/lN3l,»i-r* 
i. iaflfT-C©«gA©36©S«*»Sj^3-C«3n 

[0 02 1 ] 

[»3] R (A. T) =Ro (A) +4 (p (A) - 

1) q (A) T/ (p (A) . 1) ' 

CC-C. ttc (A) :T=OK-C©JSW* 

Sto-C. S*f*Rt)®iff*©ia««t#14«S!ftl/-C, a 

7{c^-rJ:^>K, SSTKRI-ra— i>:MflK:fj:^-c<.> 
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T2 ) + 1 } 
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2) (1— 77,„B„i) lo (A2) 

I (Ai ) /I (A2 ) =R ( A , ) /R ( A2 ) 

20 [0 03 5 ] Ja_h§fcB^b/cJ:^K:. ?®SSg:gcD*(c>tt'r 

[0 0 3 6] ycCC. ±^CD:^^fflC^T. ^^Sfti-i^x^N 

WtC«<*:7 7"/>'^'l 2i. v't; n>'^x^NW7&ii8g$ 
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I 1 i 1 1 2<D7feffl(D32MaJ(Cffig3n. ^ 1 (DLE D 
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1 2CC2S<„ CCDr U-fe^X7"A 1 1 45S, CCDi 

iSS5 2 5nm<D3£m«/> 1 2t. iSS6 6 
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^tC. ^i- W^•2 1 <D±MCCffM54i. ^:7t'Y^>'12 
t 1 AOitVy^^^^ y K (ffiSP) H^^^^Sti^^^* 30 
8P2 11<t. e^^-jj^-h 1 3<Dg8nrt(c, ^tT^'T-Z/N* 
FHi>^f^Lrie{g3n/cU>XL3<hL4<!:. ^ 
-<> K-i? 1 3 1 iJ&^e^^^n-S. U>XL 3«. 
T-<>'^'l 2;&^6fflitOfc7fe*. i^U^I>^;xy^WO^ffl 

'Y>'>'1 4{C^(±J'r'2>„ 
[0044] •^>r>F01 3 U*. I^M^51*CD/h$C^S 

^^;(^|2cocc<ci, cncc*tL.. »::7-r> 1 3 icD 

±ffi <bTffi/iS^tTr * ^i. J!rajttt'-i5f22 ©fln»(c J: 

{ooAb]miitm\^m<D%'y7^j<iA\t. u>x 
L 3 ^ifi^xm&i^txfcKmit^^mmkU 1 5 cca? so 
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[0 04 6 ] 3fem^»S^l 5t*. :)fe:7T-^>'U 4 4C<fcO 
»*^n;feS«:3fe*CCDru>fi^X^Al 5 ncJ:*). 

(5 2 5nmi6 6 0nm) gJJCDTfeCDSS 

a*a-r^^*ai;^-r^.o led 1 1 1 1 1 1 2ifi^M 

r Citify. c<omm>i'Vv^tK(Oi!&Bm^ttj:;B^ 
[0047 ] it«iJ>'X7'A 1 663:. ^^1^^251 5*^6 

:/l 7K:«^^-r-5o a^:;^>r>r>:/l 7«. mjBgPl 
975:»6fl^*&5n'5#BSfl# (LE D 1 1 1 . 1 1 2CD5^ 

T^Ai 6*^^«^&3n-5./>rx€^^t^m^3^pe», ss** 

[0 048] m-^^iiSSP 1 8 HJ^J^j: <!: CCt 0 "^^^ 
tbn>tixi ^fc^mi^ ^ X / > WOSmMSCc 40' ^ JSf ^ * 
It'^^mk. |»si o*^i?)iHtgLrc^5o m 

#SiiSlg|51 8 6i. a y :i7^>r>:/l 73&^6m3t&5n/c 

tC. CCDTU-Ti^X^A 1 1 47&:»6#tt&3n^Sie« 

[0 04 9 ] ^assBi 9«. 7 0'-9 0Hz (^mmis 
!im-^icipi»!urLED 1 1 1 <b 1 1 2(>c^^m(Dmt) 

^m^O. L E D 1 1 1 i 1 1 2 ^!^M^^^. tfc. 
m«RSB19». CCDS*Hi#^n«y^-f>r>:^l 7CC 

[0 050] ;xcc. ±ia«flccossa'j^s/;^7"A(Daf^ 
^i^>>'^2 irtccisg$n/ci^'jn>'!>x 

:3f->b. LED 1 1 1 i 1 1 2i^l^iai$if3:C3&i65|-> 
• :f:7-r'So CCD:i-> • :^y(iCj:^. LED 1 1 1 t 1 
12<b^*. W^m^^^MLX. rmt^. ^>L/hL 
ED 1 1 1 i 1 1 2i)^hmm^tifcm&b 2 Snm^e 
3 0nm(O^4>l t<t>2kt. ^ti^ti. tr-Ax:/i; 

^^11 3fcj:0 2^jiii3n^o »s«3n/c-:^(D7fem 

4>i 2 t4>2 I iCiCCDTUYS^Xy-A 1 1 4(CA*f 
L. ^^nr. -en-etl. -e05SS«:^^<t-^ I dire 
ct(A=525nin) t I direct (A = 6 6 0 n m) 

^^tiTfi-^jnsipiffii 8{c«*&?ns„ 
[0 05 1 ]— tr-Ax:?*'; :f ^ 1 3-c^s«$n/c 

flfe^<Wlc^<<». . <b</>« , 36^U>X3RL 1 ^/hO 
-Y>'^'l 2CcAS*L. :fjn^t-^2 2{cJ:5^m 

tc, 36:?T'/^<^5r FHi^^mWL/. tr^^L H 3 
rt(D U'>XL3CcJ:»3i^i;=i>'5 WCD^ffitcfiSW 3: 

>XL3€:/^L/t:5fc7T-^^^'l 4tCAi4L/, jfe7y-//S 
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1 4rt^eST5o 

[0 0 5 2 )35:46\ ^yT^^^l2t)^hm»iOfcjfc. > 

2^:/^Lt:ccDr^-r^'>^f'Al 5 HcAWT-Sc c 

CDTU>f^:^7^Al 5 l«AI*5fe^»:3feL. »S5 2 
5nmi6 6 0 nmCDTfeJC^^feL/. -E-n-en^tmSlfft-r 
-2>C<bCcJ:D. ffi^5 2 5nm<t66 0nm©S8*:>icCD 
?afiCc:*tC&T^ft# IN (A = 525nm) ilN (A 
= 6 60nin) ^mt}r^o 

[0054] ^SJ^Xt-A 1 6 IN ( A = 5 2 

5nra) <bIN (A = 660nm) (Om^. y ^ XW^ 

N (A = 525nm) ilN (A=660nm) <7>iti3&> 
6. y-YX^^^Srl^iuriSgA =5 2 5 nmCDSS** 
CC*fj£r6<i-^^^<!:ifiSA = 6 6 0 n inOSI^:)fcCcS* 

[005 5 ] m^^mmm i s n ^ / >r i 

lii^h^ti^tifcOXM: (A = 5 25nm) iOUT 
(A = 6 6 0nni) <b, CCDT U-T VXt^A 1 14;^^ 

I direct ( A = 5 2 5 n m) i I direct 
(A = 660nm) icfcO. 5 2 5 n m^TfeOi^ 

l;^>'^;x^^W<D^ffiT(DjSi^^R (A = 5 25nm) 

iR (A = 660nm) t^^^^. 
[0056 ] J5C4{J. CCDrU-/^>'XrA 1 1 Atf^h^ 

i^Stlfc I direct <A = 525nm) <bl direct (A = 

6 6 Onm) th. • ^ymnv$>^^ iSoT. iiJ^ 

sccis c r X > p ^ :/m^^^ii> ^ u ^(Dmm^'iT 

*/c. n«y >r 7 ri direct (A = 5 2 
5nm) i I direct ( A = 6 6 0 nm) t^m&L. % 

[005 7] IP^. m^^mmr^tjiP.^t^ i^VzilyO 
x/%WCcMS*3n/t7£:CD?^S(i. I direct ( A = 5 2 5 
nm) t I direct ( A = 6 6 0 nm) (C^bCi. fi£-^ 
t:. i^';=I>'>x>'^W^ffiOJS*f^R (A = 525n 
m) tR (A = 66 0nin) »Sl 4-04^2^)641 

[0058] 

[|»1 4] 

R( A =525nm)=Oar(A =525nm)/Idi rect( A =525nm) 
R( A =660nm)=ajr(A =660nm) Adi rect( A =660nni) 

[0059] 
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12 

[3^1 5] R(A=525nm)/R(A=660nfn)=OUT(A=525nra)Id 
irect(A =660nm)/0Ur(A=660nni)Idirect(A =525nm) 

[0 0 6 0 ] ca)J:^JCbT. 2o(D?SS(52 5n 
m. 6 6 0 nm) (D7K<DSSt^CDJ:t*>6. 

10 [0 06 1 ]^^^ fc^^--j|<>- h 1 3<DIX0m:f:&5::f; 

Scr)^CCi^^{C:^r'2>cr)r. SM*Oi:bR(A=525nm) 
/RCA=660nm)tCWi^3&5^fl>„ fi£-:>r, hr^-;J<- h 

20 i3(om^mfmMmf^j;:^mmm^^mx^cti)^x 

[0062] 1 1 i^^f^<D9t<Dmm. 36^^ 

[ 0 0 6 3 ] j^jrfc. co^^mit^ME'mmmm^cmm^ 

^CD?gS{C*jCir«. 525nm(D3lc<b6 6 0nmCD 
30 iSfid^l 0 OOnm ( 1 um) ^m^i>t. ^'y:^ 

[0 0 6 4] ttc. ±fa^Jfe©fl5SS-C«. 31«?^§SCC 
r^fcib. L E D 1 1 1 i 1 1 2 C0ffilt3fe</» 1 t 2 

K'-AXv^'; ^ 1 1 3-0. -en^n. ^Ll^SSS 

(D2-:>CD3t:m0 ll<b(/>12. </>21, 4>2 2JC^fllU 

[006 5 ] L E D 1 1 1 ;>>6ttI*f-rSlgS A 

00 -x) %;Ci^CCDr U-^t^XxA 1 1 45CAI4L. 
LEDl 1 235>6ai*^-r'SjSSA2<WK;Oy%*i. 3fe 
^/r-^/^'l 2(cAJ*b, JS^O ( 1 00-y) %*5CC 
DTU'>f->X7"Al 1 4{cAS*r^><J:^3:i:li^tc«, S 

aescDis w^R «'>c5s:r3Rj?> e> ti ^. 

R (A, ) =ajr (A, ) • (1 00-x) / I direct 
(A, ) • X 

50 R (A2 ) =007 (Aa ) • (1 00-y) / I direct 



(8) 



2 00 1-445 2 



13 



14 



(Ab ) • y 5 
[0 06 6 ] $6(C. Jiifi|ISSCD?eSgtC4oC>T». 

tcn^-r^T^aj 1 1 t^m^msi i 5 1 ^m^-^ y vmm 

L/T*J^. ISStOf a.-:i<-h 1 3tc€n^n:)t;:7T-< 
K H *«3t L . y n > -i; x/a W<7>ffl«a^©S 

[0067 1 ±imm<DBWi(c^{.>x^t. ytmt ox l 

E D ^ffiffl maaSB 1 9 *^6<D»TiKm^;^«*&CC J; 

X. tismrj:mf&x. mi^>s/Nx(omm^^-^ttx^^. 

[006 8 ] ±He3IJfi<D?KflSCC4Bl^r (i. mm(o^(D 

m^nr. ^mi>^h(Dsmyt^9^Byj^^mi>x«imt 
ofc*)Lxi>^i.\ s/c, m^<Dmimi^jE^m^<o 
^mm^i^c^-^xjE^m^dc^mL. jE^w,^<DS.mit 
^^mm^^m\.>xmmr^cti,cj:^. ^myto^m. 

[0069] ±idiiife6D0ffi(c*ji^r . mnmm^ 1 s 

Mm^mrmmcmfkLxi>^i.\ ^tt. &mm 30 



[0070] ±52*ifi©?15j»(Cfcl>-C 2^ y n > X 

f)^. ^m^<om»rj:f!>tiWtmMmtS:Mxib^o 

^cth^mx$>^, 

[0 07 1 ] 
[Sffi<Dffl*>ar|tt?g] 

[SI ] :$^^o:>mm<omm.icM^^mmm^m(o^ 
i^(omfS.^mrmx^^„ 

ms] \'^x<Ds:m(omf'^7ikrm^xi> 
zll^^xJ^^<D^M^t^m^<Dmm^n<'rmx$>^. 
[06] mmmt?&&iSiz/m&t(omm^7ri'r!f^yx 

[07] SM^<bajSicr)M<^^^-r^^:7r*^o 

[08] s:mmtwi&t(om^tf-:/ifium^cmcxiy 

1 1 ^btss 

12 :)t^T-r>^^' 

13 lf:x-;i<-h 

14 ^yr^^^ 

1 5 ^m^M 

16 I1ilij>^:^f-A 

17 i3'>^>r>T>:/ 

1 8 mnum^ 
1 g 



[03] [04] [07] 




Sfi T (K) 



(9) 



«pg82 0 0 1 -445 




mat <K) 



(10) 



0 0 1-4452 



F 2G065 AA04 AB02 AB04 AB22 AB28 

BA04 BA34 BB02 BB14 BC03 
BC04 BC07 BC14 602 QMS 
2C066 AA04 ABOl AB02 ACOl ACU 
BA13 BA14 BA38 CAOl 



